through analysis of covariance controlling for age, and sex.
It has been well established that postmortem interval (PMI), the time between death and freezing of brain tissue, did not greatly affect the gene expressions. [1] [2] [3] [4] [5] In fact, messenger RNA (mRNA) in human brain is relatively stable after death and its integrity was maintained over the long period of time. [1] [2] [3] [4] [5] From the data analysis of two independent large sets of DNA microarray experiments, we unexpectedly found that expression of ribosomal subunit genes was consistently increased with PMI, implicating the existence of coordinated gene expression changes with PMI in human brain.
Using DNA microarray data of postmortem human brains (set 1: n = 102), 6 we systematically assessed the effect of demographic variables including PMI on gene expressions (See Supplementary information for detail). Expression of a total of 1754 out of 22 000 probe sets showed significant correlations with PMI (Pearson's correlation, P < 0.05), consistent with the previous notion that PMI is a minor confounding factor compared with other factors (Supplementary Figure 1) . In contrast to sample pH, which is closely associated with terminal condition of death and a major confounding factor for gene expression studies, [1] [2] [3] [4] [5] 7, 8 PMI did not correlate with indicators of RNA integrity or sample quality ( Figure 1a) . Together with the fact that PMI did not correlate with sample pH (Supplementary Figure 2) , we concluded that PMI did not affect quality of DNA microarray data.
GeneOntology analysis of PMI-correlated probe sets revealed significant over-representation of ribosomerelated categories (Figure 1b ). Detailed examination of annotations for all the PMI-correlated probe sets revealed that they included 77 probe sets, which corresponded to 54 distinctive ribosomal subunit genes (Supplementary Table 1 ). They included ribosomal protein components of both small and large subunits, and, strikingly, all of their expressions showed positive correlations with PMI ( Figure 1c, for example) .
Positive correlation between expression of ribosomal subunit genes and PMI was also clearly found in the other independent data set of DNA microarray experiments (set 2: n = 50) 9 (Supplementary Table 2 ). In this set, among 1106 PMI-correlated probe sets out of 12 000 probe sets, 59 probe sets corresponding to 56 distinctive ribosomal subunit genes could be identified (Supplementary Table 3 ). In both sample sets, positive correlation was also observed when we normalized DNA microarray data by the different method, 10 excluding the possibility of artifacts caused by normalization procedure (Figure 1b and Supplementary Table  2 ). Furthermore, we confirmed the positive correlations when we reanalyzed the data set using (1) subjects whose sample pH were greater than the critical pH threshold 8 (pHX6.4, n = 73), and (2) control subjects (n = 34), indicating that correlation was not influenced by sample pH or patient-related factors such as diagnosis, medical treatment and cause of death (Figure 1b) .
The molecular mechanism of increased expression of ribosomal subunit genes with PMI in human brain is not clear. Considering that mammalian ribosomes consist of 79 different proteins, 11 gene expression of about 70% of ribosomal proteins was apparently increased with PMI. Although expression of ribosomal subunit genes was believed to be coordinately regulated by their common promoters, 12 whether PMIcorrelated genes included the trans-factors responsible for expression changes of ribosomal subunit genes remained to be studied. Interestingly, expression of mitochondrial ribosomes, which also consist of small and large subunits but have different evolutionary origin from cytoplasmic ribosomes, 13 was, mostly (42 out of 43 probe sets), not significantly correlated with PMI, reflecting the different regulatory system between them. It is of note that expression of ribosomal subunit genes were increased within initial 48 h after death. Beyond this time point, expressions seemed to turn to decrease, suggesting the presence of threshold PMI. However, to test this further, more samples having longer PMI would be needed. It is also not clear whether increased expression of ribosomal subunit genes eventually lead to the production or accumulation of specific proteins. Although significant correlation with PMI seemed to be confined in the ribosomerelated categories, and was not highly found in other categories, we found that expression of translation factors consistently correlated with PMI in the two brain sets (Supplementary Tables 1 and 3) , suggesting the possibility of the production of specific proteins.
In summary, we found the evidence of systematic gene expression changes with PMI in human brain. From the technical point of view, PMI would be still an important factor that needed to be properly treated during the course of experiments.
